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Invasion of natural ecosystems by weedy grasses is often associated with increasing
levels of disturbance. However, there is substantial evidence that cessation of
disturbance can also lead to plant invasions. This paper explores vegetation
development on a former military training area in eastern Germany. Many military
training areas have a high nature conservation value as they offer large un-
fragmented areas and valuable open landscapes. In eastern Germany, 4.4% of the
land is covered by military training facilities. Following German reunification in 1990
large tracts of land that had been used for military training purposes were converted
to civil use. Cessation of military activity is leading to a decline of open habitats
through natural succession. The study investigates whether succession is accom-
panied by a spread of dominant species, e.g. Purple moor grass (Molinia caerulea L.
Moench) and whether this process results in a decline of pioneer species (e.g.,
Drosera species). As a potential management option we explored grazing by moose
(Alces alces L.) and other wild animals. The current state of the vegetation and its
development was investigated at landscape and species levels. The influence of
animals was documented by determining the type of ground disturbance and the
impact on the herbaceous vegetation. The trajectory of succession involves the
increase of species with high competitive abilities, particularly Molinia caerulea,
and a decline of less competitive Drosera species. The pattern of development of the
vegetation suggests that the Drosera species will soon survive in only a few locations.




M. Gaertner et al.64disturbances being the result of trampling. Tracks left by animals can provide
regeneration niches for the Drosera species. However to guarantee the maintenance
of large open habitats other management practices such as sod cutting are required.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Most large, semi-natural habitats in Central
Europe have been lost or fragmented due to urban
expansion and industrial growth. In this context,
existing and former military training areas cur-
rently enjoy high nature conservation value, as
many of them provide large unfragmented areas,
nutrient-poor habitats, and a wide range of open
landscapes with specifically adapted and endan-
gered plants and animals (Konold et al. 2004).
Consequently, they are considered to be some of
the last reserves of valuable environments in
Central Europe (Landespflege 1993). A substantial
part of eastern Germany (4.4%) is covered by
military training facilities. The end of the Cold
War led to the withdrawal of the Soviet Army from
German territory. With the German reunification in
1990 the German federal armed forces inherited
large tracts of land for military training purposes.
Most of this land has since been converted to
civilian use (Anders et al. 2004). The cessation of
military activities led to substantial changes in
these areas and resulted in a decline of valuable
open landscapes mainly through succession and
conversion to other land uses. Fortunately, several
areas were conserved as protected areas. However
these protected areas will probably also lose their
open character as military training facilities are
mostly surrounded by forests, which serve as a
buffer from civilian land. The main cause for their
open character, and thus their high conservation
status, was the military use itself. Disturbances like
clearing, burning, grazing, earth moving and
various military practices create and maintain such
open landscapes (Konold 2004). It is hypothesised
that with the cessation of military use, a trajectory
of natural succession has been set in motion which
will lead to a decline of open habitats. This is
considered undesirable in the context of regional
and European conservation priorities. In this study
we investigated the vegetation development on a
representative former military training area. The
aim was to determine whether succession is
accompanied by the spread of a fast-growing
dominant species and whether this process results
in a decline of pioneer species. As the study area is
characterised by a high quantity of wetlands we
focused on changes of the wetland vegetation. Asspecies representative of other wetland pioneers
we selected two sundew species (Drosera inter-
media Hayne and D. rotundifolia L.). The genus
Drosera comprises about 90 species of carnivorous,
herbaceous perennials.
The three European species, all of which occur in
Germany, are the Round leaved sundew (Drosera
rotundifolia), the Love nest sundew (D. interme-
dia), and the Long leaved sundew (D. longifolia).
The European Drosera species are typical wetland
pioneer species, growing on moist sand, wet rocks
and peat (Crowder et al. 1990). As with most
carnivorous plants they occur on oligotrophic soils
(Hegi 1963). Increasing human pressure on land
through agricultural transformation and habitat
degradation, as well as indirect impacts like
drought and eutrophication are threatening the
survival of these Drosera species. Another major
threat is the displacement by more competitive
species (De Ridder & Dhondt 1992; Nordbakken et
al. 2004; Redbo-Torstensson 1994). Drosera rotun-
difolia is still widespread in Germany but has
started to decline. Drosera intermedia is very rare
and threatened with extinction in eastern Germany
(Korneck et al. 1996). As a species representative
of competitive and fast-growing dominants we
selected Purple moor grass (Molinia caerulea L.
Moench), a perennial tussock grass. Over the last
few decades there has been a marked increase in
the occurrence of M. caerulea in wet heathlands
across a large number of localities all over Europe
(Brys et al. 2005; Chambers et al. 1999; Littlewood
et al. 2006). On many sites this process has led to
almost pure stands of M. caerulea, where the
abundance of weaker competitors is reduced and in
some cases entirely lost (Keddy 2000). This has
been demonstrated by many investigations carried
out in different European countries, notably in
Great Britain, Denmark and the Netherlands (Aerts
& Berendse 1988; Jansen et al. 2004; Marrs et al.
2004; Sansen & Koedam 1996). The predominance
and increasing abundance of M. caerulea is often
attributed to the abandonment of management
practices such as mowing and grazing. Another
suggested reason is eutrophication as a conse-
quence of intensive agricultural practices, and
increased nitrogen deposition (Berendse & Aerts
1984; Todd et al. 2000). A correlation between
the spread of M. caerulea and decline of less
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ous occasions (Malson et al. 2008; Milligan et al.
2004), but no concrete investigations have been
undertaken. We hypothesised that succession on
the former tank shooting range would proceed in a
manner involving an increase of M. caerulea.
Consequently we assumed that this increase would
lead to a decline of the less-competitive pioneer
species.
Several investigations in Europe and elsewhere
have addressed nature conservation value and
management of former military training areas
(Hirst et al. 2005; Leis et al. 2005; Milchunas
et al. 2000; Vanderpoorten et al. 2005). Grazing has
been shown to be an appropriate management tool
for ensuring their open character (Anders et al.
2004). The use of wild animals to achieve this aim is
however new (Burkart & Konold 2002). Our project
aimed to test whether grazing by moose (Alces
alces L.) and other wild animals could be applied as
a strategy for managing former military training
areas. We hypothesised that the disturbance
caused by moose and other wild animals would
create gaps in the herbaceous vegetation layer
which would promote the occurrence of pioneer
species. The former military training area was
regularly used by native wild animals such as Roe
deer (Capreolus capreolus L.), Red deer (Cervus
elaphus L.), and Wild boar (Sus scrofa L.) and the
non-native Fallow deer (Cervus dama L.) (Gaertner
2007). We introduced moose because of their
special adaptation to wetlands (Briedermann
1989a).
The study addressed the following key questions:
Is succession on former military training areas
accompanied by the spread of the competitive
grass Molinia caerulea?
Does natural succession, notably the increase in
dominance of Molinia caerulea, lead to a
decrease of pioneer species?
Does disturbance caused by moose and other
wild animals create gaps in the herbaceous
vegetation layer?Methods
Study site
The former tank shooting range ‘‘Dauban’’ is
situated in the ‘Oberlausitzer Heide- und Tei-
chlandschaft’ Biosphere Reserve in Saxony, eastern
Germany. Prior to its conversion to military use in
1960 the land was entirely covered by pine forest.
During its use by the military as a tank shootingrange the landscape was opened up and when
operations ceased in 1992 the landscape was
completely open. The range covers an area of
160 ha and is entirely surrounded by forest. From
1994 to 1996 munitions, wires and other compo-
nents were cleared (Burkart et al. 2003). The
remaining area was structurally diverse, with an
unusually large proportion of wetlands due to
building activities and soil compaction through
the use of heavy machines. An inventory of the
vegetation revealed high species richness and a
large number of endangered species (Burkart et al.
2005). Due to its nature conservation value the
former tank shooting range has been classified as
Fauna and Flora Habitat (FFH) according to the
European Natura 2000 Habitat system and as ‘‘zone
two’’ (buffer zone) under UNESCO’s Man and the
Biosphere Programme (MAB). In particular, due to
the large coverage of wetlands, the area is
representative for the whole region; the results of
this study can thus be widely applied.Vegetation survey
The vegetation was investigated at two different
levels of spatial resolution. At the landscape level
the wetland vegetation was mapped using a combi-
nation of aerial photography analysis and field
surveys. Species composition and structural para-
meters (total projected vegetation cover, proportion
of open soil and litter) were recorded in subjectively
selected 4 4m plots (n ¼ 241) following the Braun-
Blanquet approach (Braun-Blanquet 1964). The
sampling was conducted in July and August 2001
and repeated in July and August 2004. At the species
level, habitat requirements and development of the
Drosera species and Molinia caerulea were investi-
gated in micro surveys established as permanent
1 1m observation plots (n ¼ 20).
The distribution of species and structural para-
meters (total projected vegetation cover, proportion
of open soil and litter) were recorded within the plots
using a point-quadrate frame divided into 10 cm2
grids. Abundance was estimated according to the
Londo scale (Londo 1975). Nomenclature follows
Rothmaler (1994), Oberdorfer (1994) and Haeupler
and Muer (2000). Data were collected twice a year in
July and September between 2001 and 2004.Management
Three moose (one bull and two cows) were
introduced to the study area from different zoos in
April 2003. The animals were able to range freely
over the 160ha enclosure. In spring 2003 and 2004
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investigation period five animals used the area. The
number of animals was chosen according to the
population density of moose in their natural
environment (Briedermann 1989a). The raised ex-
closure fence, 2.5m tall with 0.5m clearance from
the ground allowed smaller wild animals such as roe
deer, red deer, fallow deer and wild boar access to
the site. The disturbance influence exerted by
moose and other wild animals was studied every
four months between July 2003 and August 2004.
The activities of the individual animals and their
impacts upon the vegetation of the wetlands were
documented by determining the type of ground
disturbance (track, grub or bed). Subsequently the
impact of the particular disturbance type upon the
vegetation was recorded. We thus distinguished
whether the vegetation was weighed down and
therefore only influenced temporarily or whether
the animals exerted a more lasting influence on the
vegetation by creating open soil.
Statistical analysis
Data were analysed using Statistica software
(STATISTICA release 7), R software (version 2.3.1),
and CANOCO for Windows software (version 4.0).
We analysed habitat characteristics of the Drosera
species using redundancy analysis (RDA) in CANOCO
(Ter Braak & Smilauer 1998). The redundancy
analysis is a direct gradient method which is used
on the basis of a linear model. As structural
parameters we applied total vegetation coverage,
proportion of open soil and litter, average vegeta-
tion height and maximum vegetation height.
A linear mixed effects model (LME) was used to
determine the probability of changes of variables
between years. Differences in each single variable
were analysed with Wilcoxon matched pair test
respectively Sign test. A Spearman Rank Correla-
tion was used to identify correlations between
species and structural parameters. The rating data
of the disturbance regime of the animals were
analysed for the entire area, collectively for all
animals and separately between moose and other
wild animals. Differences between disturbance
intensity of moose and other animals were explored
using Friedman ANOVA and Mann-Whitney U test.Figure 1. Successional trends on a former military
training area in eastern Germany, showing the increased
abundance of dominant species (Molinia caerulea, Salix
aurita and Spiraea spp.) from 2001 to 2004 (mean
abundance in %).Results
Succession at the landscape level
At the landscape level the vegetation survey
indicated rapid succession. Percentage open soildecreased significantly from 13% in 2001 to 4% in
2004 (n ¼ 76; po0.001). Litter cover increased
significantly from 57% in 2001 to 74% in 2004
(n ¼ 76; p ¼ 0.009). Succession was accompanied
by the spread of shrubs, predominantly Eared
willow (Salix aurita L.; Salicaceae) and species of
Meadowsweet (Spiraea spp., Rosaceae). Abundance
of shrubs more than doubled between 2001 and
2004 but still remained under 5%. In the herb layer,
abundance of Molinia caerulea increased more than
100% up to 32% (Figure 1).Habitat requirements of Drosera species
Axis 1 of the redundancy analysis explains 48% of
the cumulative axis variability, and can be defined
as a gradient for total projected plant cover versus
proportion of open soil. Axis 2 is positively
correlated with the maximum and average vegeta-
tion height and negatively with proportion of litter;
it explains 73% of the cumulative axis variability.
Drosera intermedia abundance correlated nega-
tively with that of D. rotundifolia. Moreover,
D. intermedia correlated positively with the pro-
portion of open soil whereas D. rotundifolia
correlated positively with total projected plant
cover and average and maximum vegetation height
(Figure 2).Population dynamics of Drosera species
The linear mixed effects model (LME) shows with
90% probability that abundance of Drosera species
and Molinia caerulea changed from 2002 to 2004
(Chi2 ¼ 10.34; p ¼ 0.06). A comparison of each






























Figure 3. Dynamics of Drosera intermedia, D. rotundi-
folia and Molinia caerulea in 2002, 2003 and 2004 (mean
abundance in % 70.95 Confidence Interval). Wilcoxon
matched pair test for po 0.05 (different letters super-
scripts indicate significant differences).
Figure 4. Disturbance activities of moose and other wild
animals on a former tank range in eastern Germany. Bars
indicate the percentage of wetlands in the enclosed area
(total: 160 ha) affected by different types of disturbance










Figure 2. Habitat characteristics of two Drosera species
(Drosera rotundifolia and D. intermedia) on a former
tank range in eastern Germany shown by means of a
redundancy analysis using structural parameters (average
height, maximum height, total coverage, open soil and
litter cover). Axis 1 (horizontal axis) and 2 (vertical axis)
explain 48% and 73% of cumulative variability, respec-
tively.
Successional changes on a former tank range in eastern Germany 67Drosera rotundifolia increased between 2002 and
2003 but decreased from 2003 to 2004. For
D. intermedia no significant difference of abun-
dance between years was detected; cover of
M. caerulea increased significantly from 2002 to
2004 (Figure 3).
Corroborating the results of the ordination, the
correlation between D. intermedia and the total
projected plant cover were negative (po0.01;
0.34). M. caerulea exhibited a positive relation-
ship with this parameter (po0.01; 0.39). By
contrast, the correlation between the proportion
of open soil and D. intermedia was positive
(po0.01; 0.36), whereas in the case of M. caerulea
the correlation was negative (po0.01; 0.5). The
litter cover and the abundance of M. caerulea
correlated positively (po0.01; 0.59). D. rotundifo-
lia revealed no significant correlations with any of
the parameters; the only finding of any note was
that its abundance correlated weakly with the total
plant cover (po0.05; 0.23).Disturbance influence of other animals and
moose in 2003
In summer 2003 wild animals (moose and other
animals) used the entire area of the wetlands, with
most disturbances being the result of trampling.Grubbing by wild boar had an impact on 40% of the
investigated areas, whereas only 10% of the
investigated areas were disturbed by bedding
(Figure 4).
Overall there was no significant difference
between the impacts on the vegetation; in
90–98% of the disturbed areas the vegetation was
weighed down and in 85–92% the animals disturbed
the vegetation durably by creating open soil. All
animals created gaps of bare soil by trampling;
these were mostly small and sporadic (Figure 5).
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Figure 5. a) Footprints of moose on a former military training range in eastern Germany in a Molinia caerulea stand;
and b) with Drosera intermedia (Photos: M. Gaertner).
M. Gaertner et al.68A comparison of disturbance influence through
trampling by moose and other animals showed that
moose had a significant smaller impact on the
vegetation by trampling than other animals in
August 2007 (n ¼ 73; po0.001).
Disturbance influence of other animals and
moose from 2003 until 2004
In August and November 2003 and April 2004
disturbance influence of other animals significantly
exceeded that of moose. However, during the
period of investigation the degree of disturbance
caused by moose increased whereas the influence
of other animals decreased rapidly in August 2004.
Thus, in August 2004 no significant differences
could be detected (Figure 6).Discussion
Successional changes on the former military
training area
We assumed that with the cessation of military
use, a trajectory of natural succession would be set
in motion leading to a decline of open habitats and
dominance of competitive plant species such asMolinia caerulea. Our results supported this as-
sumption. Succession on the former tank shooting
range led to an increase of species with higher
competitive ability. One successional trend was the
spread of woody species (notably Salix aurita and
Spiraea spp.). Salix aurita only spread individually
and in patches, whereas Spiraea species formed
dense shrubberies. We found Spiraea douglasii L.,
S. tomentosa L. and S. x pseudosalicifolia L. which
are all exotic species native to North America (Otto
2004). In almost all wetland habitats an increase of
Molinia caerulea was observed (Gaertner 2007).
Our results clearly indicate that the abundance of
Molinia caerulea increased during the time of
investigation leading to a decline of open soil and
an increase of litter cover. The predominance of M.
caerulea is a challenge in various European coun-
tries. Over the last few decades there has been a
marked increase in the occurrence of M. caerulea
mainly in wet heathlands in many localities across
Europe. On many sites this process has led to
almost pure stands of M. caerulea, where the
abundance of weaker competitors is reduced and in
some cases they are lost entirely (Keddy 2000). The
high competitiveness of M. caerulea is ascribed to
its ability to store its nutrient reserves in late
summer or autumn in its basal internodes (Taylor
et al. 2001). Land abandonment and cessation of
practices such as mowing and grazing could also
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Figure 6. Disturbance intensity of moose (Alces alces) and other wild animals in the vegetation of wetlands on a former
tank range in eastern Germany (mean disturbance intensity in % 70.95 Confidence Interval, n ¼ 267). Friedman ANOVA
(different letters superscripts indicate significant differences).
Successional changes on a former tank range in eastern Germany 69benefit M. caerulea (Berendse & Aerts 1984; Todd
et al. 2000). Eutrophication as a consequence of
intensive agricultural practices, and the deposition
of airborne nitrogen could additionally strengthen
its competitiveness (Berendse & Aerts 1984).Population dynamics of Drosera species
Our second assumption, that an increase of
Molinia caerulea would lead to a decline of the
less-competitive Drosera species was not supported
by our results. We based our assumption on the
‘‘competitive hierarchies model’’ (Keddy 2005)
which states that ‘‘few species usually dominate
any particular habitat, apparently owing to a
better ability to forage for and accumulate
contested resources, thereby denying these re-
sources to neighbours’’.
In most herbaceous communities grasses are seen
as potential dominants as they have the capacity to
form large canopies dominating and excluding
neighbours (Tilman 1982). Although a decline of
less dominant Drosera species due to competition
through other species has been investigated in
several other studies (Brewer 1998, 2006; Keddy et
al. 2006) our results did not support the ‘‘compe-
titive hierarchies’ model’’. Our findings show a
correlation between the population dynamics of
Drosera intermedia and the proportion of open soil,
but we could not show whether the reduction of
open soil was responsible for its decline. Theseresults corresponded with the findings of De Ridder
and Dhondt (1992), who found that a rapid process
of succession did not result in a decline of
D. intermedia; they assumed that the steady
microclimate secures its survival. Kaplan (2000)
showed that D. intermedia could survive for 20
years on an abandoned sand excavation site. The
optimal development of the population lay be-
tween years 3 and 15 of succession. D. rotundifolia
showed no correlation with the proportion of open
soil. That it even grew in sapling shrubberies of
Betula pendula, Pinus sylvestris and Salix aurita
suggests that it is relatively competitive and can
tolerate some shade (Gaertner 2007). Crowder et
al. (1990) support this finding, describing its habitat
as confined to communities with an open shrub
layer or with a layer of dwarf shrubs. Both Drosera
species managed to survive despite the strong
evidence for competitive dominance due to Molinia
caerulea. This poses the question of how they
manage to survive. Descriptive data and species
frequency models of species diversity suggest that
plant diversity of a certain area mostly consists of
weaker competitors and that a significant propor-
tion of species occurs at low abundance and
frequency (Keddy 2005). An explanation for this
phenomenon is the ‘‘intermediate disturbance
hypothesis’’ (Grime 1979). Disturbance is a very
important ecological phenomenon and is seen as a
significant regulator regarding biodiversity (Warren
et al. 2007). The ‘‘intermediate disturbance
hypothesis’’ defines diversity as a result of two
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of recovery. Diversity will change similarly if either
the rate of disturbance or the rate of recovery is
altered (Connell 1978). The logical conclusion is
that intermediate disturbance leads to highest
diversity by creating an open system with several
gaps which allow interactions.
Less competitive species can migrate and
shift distributions between habitats and can
therefore survive despite the presence of more
competitive species (Begon et al. 1997; van der
Maarel 1996). We believe that the Drosera species
manage to survive despite the presence of Molinia
caerulea because of recurrent disturbances like
grazing.Disturbance influence of moose and
other animals
Disturbance caused by moose and other wild
animals through trampling created openings in the
vegetation with exposed soil (Figure 5). Distur-
bance caused by other wild animals exceeded that
of moose, especially in 2003. This can be explained
by the higher density of other animals in the former
tank shooting range as the area is favoured habitat
for roe deer, red deer, fallow deer and wild boar
(Schmidt 1997). On the other hand, moose are well
adapted to wetland conditions and can move in
swampy conditions without difficulty and without
leaving tracks (Briedermann 1989a). Disturbance
influence by moose on herbaceous vegetation has
yet to be investigated (Gaertner 2007). However it
has been shown that disturbance through trampling
and wallowing by red deer affects herbaceous
vegetation (Hester et al. 2000; Pellerin et al.
2006; Schütz et al. 2003). Our results show that
grubbing by wild boar had greater impact in the
wetlands than bedding of moose. Irrespective of
the soil moisture content and the vegetation
structure, bedding of moose only weighed the
vegetation down, whereas grubbing of wild boar
left big open spaces mostly free of vegetation
(Gaertner 2007). Through excessive grubbing activ-
ities wild boar can even change plant species
compositions and are therefore described as eco-
logically highly effective mammals (Briedermann
1989b; Simon & Goebel 1999; Treiber 1997). The
increase in moose activity until August 2004 can
probably be ascribed to the fact that one calf was
born in spring 2003 and another in spring 2004. The
first calf was a bull and interaction between
the older bull and the calf caused more activity
in the whole group especially in mating season
(M. Gaertner 2004, personal observation).Grazing as management strategy
The time frame of our study prevented us from
investigating in detail the effect of the creation of
open soil on recruitment of our target species.
However, we regularly found Drosera plants along
deer trails and in areas where the influence of the
animals was evident (M. Gaertner 2004, personal
observation). Tracks left by animals can provide
regeneration niches (Lederbogen et al. 2004). A
higher germination rate of Drosera rotundifolia in
tracks than in the surrounding vegetation was
reported by Watt and Gibson (1988) and Lederbo-
gen et al. (2004). A positive impact of grazing for
several species in wetlands was identified by
Kotorova and Leps (1999) and Isselstein et al.
(2002). Re-seeding species are especially promoted
by the improved light availability as a consequence
of the decline of the surrounding vegetation and
litter layer (Lenz et al. 2003; Spacková et al. 1998).
Findings from Simon et al. (2005) and Pellerin et al.
(2006) support the view that pioneer species
proliferate in areas affected by grazing of red deer.
Similar results were found with cattle (Lederbogen
et al. 2004) and horses (Becker & Schmidt 1999).
Trampling is the main disturbance in our study area;
this only creates gaps in the vegetation but not
large openings. It appears that under the prevailing
conditions the Drosera species will only survive in a
few locations, for example along paths and
riverbanks. In order to maintain the extensive
pioneer associations as they have been developed
on the former tank shooting range under the
military use it seems necessary to change the
management approach. Any management strategy
that aims to promote pioneer species will need to
control Molinia caerulea in the wetlands. Past
research has shown that besides grazing, sod
cutting is the most successful method for reducing
the abundance of M. caerulea (Jacquemart et al.
2003; Jansen et al. 2004; Wittig et al. 2000).Dynamic nature conservation strategies
Our project was aimed to test grazing on a
former military training area to preserve the
variety of valuable non-wooded habitats and to
protect endangered pioneer species. The fact that
animals were permitted to move freely in the
160 ha exclosure permitted a ‘‘natural’’ distur-
bance dynamic. Consequently, exact site conditions
were not strictly maintained, but rather a
‘‘dynamic stability’’ was sought, whereby particu-
lar habitats could disappear and redevelop else-
where (Gaertner 2007).
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necessary goal for nature conservation as habitat
dynamic is a key element in the conservation of
rare plant species especially in transient environ-
ments (Jakalaniemi et al. 2006; Karlowski et al.
2001). Nature conservation strategies that allow or
promote natural dynamics are therefore important
in current nature conservation efforts (Jongmann
et al. 1987; Konold 2004; Robinson 2006). There are
many options for reinitiating dynamic processes in
such areas; these include the use of fire, flooding
and grazing with domestic or wild animals (Konold
et al. 2004; Riecken et al. 1998). Incorporating
dynamic strategies requires large and unfragmen-
ted areas, which poses a major challenge to Central
Europe as most protected areas are small and
isolated. Furthermore, the initiation of dynamic
processes in existing protected areas would inevi-
table lead to an extinction of some species; given
the small area of remaining habitat, this is
unacceptable (Hauke 1998). The introduction of
dynamic strategies is therefore sometimes seen
critically by nature conservationists who still
support traditional nature conservation practices
regarding ‘‘protected areas’’ and the maintenance
of the ‘‘status quo’’ of a given successional stages
as essential for conservation of biodiversity. The
use of degraded lands, i.e. military training ranges,
is increasingly being recognised as a possible
application for dynamic systems nature conserva-
tion. Our findings show that the re-initiation of
natural processes can also cause substantial pro-
blems, such as improving conditions for the spread
of exotic woody species. Consequently, the call for
the re-introduction of natural dynamics has to be
carefully considered, especially in disturbed areas
where truly natural habitats have become scarce.
In certain cases, like in our project, additional
management strategies may be required, for
example including the traditional approach of
protecting individual plant communities and cer-
tain habitats. We argue that effective management
in such situations demands pragmatic solutions.
These are novel ecosystems (sensu Hobbs et al.
2006) and innovative management strategies are
required.Conclusions
Our results show that succession takes place
rapidly and is accompanied by the spread of
competitive species namely Molinia caerulea.
Despite the rapid spread of Molinia caerulea both
Drosera species managed to survive due to recur-
rent disturbances like grazing. We thereforerecommend extensive grazing as an appropriate
strategy to provide regeneration niches for pioneer
species in areas with a high structural and vegeta-
tion diversity which require a dynamic management
approach. Extensive grazing can involve native
herbivores which may need to be reintroduced
(Tschöpe et al. 2004). Another option is a combina-
tion of native herbivores and domesticated grazers
in enclosure where domestic animals are kept in
small fenced pastures to control grazing, whereas
the wild animals are permitted to move freely
across the area (Burkart 2006). Especially in
densely populated regions like Central Europe
extensive grazing systems will probably be only
possible in enclosures, as an expansion of free-
ranging populations of wild animals will cause
conflicts with agriculture and forestry. Other
management strategies such as sod cutting
may be necessary to maintain extensive pioneer
associations.Acknowledgements
We thank our colleagues in the Biosphere Reserve
‘‘Oberlausitzer Heide- und Teichlandschaft’’ for
permission for field work and for their great
support.
M. Gaertner acknowledges Dr. Bettina Burkart for
her great help and for all her efforts in running the
project and Henning Nottebrock for statistical
advice.
Funding for the project (Verbundprojekt
Offenland (FKZ 01 LN 008) was given by the
Federal Ministry of Education and Research
(BMBF). We also acknowledge financial support
from the German protestant church’s scholar-
ship programme (Evangelisches Studienwerk
e.V. Villigst) to Mirijam Gaertner and from
the DST-NRF Centre of Excellence for Invasion
Biology and the Hans Sigrist Foundation to
D.M. Richardson.References
Aerts, R., & Berendse, F. (1988). The effect of increased
nutrient availability on vegetation dynamics in wet
heathlands. Vegetatio, 76, 63–72.
Anders, K., Mrzljak, J., Wallschläger, D., & Wiegleb, G.
(Eds.). (2004). Handbuch Offenlandmanagement
am Beispiel ehemaliger und in Nutzung befindlicher
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gewässer. Metelener Schriftenreihe für Naturschutz,
9, 183–193.
Karlowski, U., Konold, W., Mrzljak, J., Wallschläger, D., &
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